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ABSTRACT 


A  systematic  study  has  been  undertaken  to  attempt  to 
evaluate  gross  factors  effecting  the  overall  performance  of 
series  connected  generators.  These  factors  include  combustor 
performance,  chemistry,  magnetic  field  strength,  Mach  number, 
and  electrode  segmentation.  Because  of  the  importance  involved 
in  scaling  small  MHD  generators  up  to  the  sizes  required  for 
large  central  power  plants  and  other  applications,  an  attempt 
was  made  to  investigate  the  scaling  parameters  by  varying  the 
magnetic  field  in  a  wide  range  and  by  changing  the  seed  percent¬ 
age  and  Mach  number  of  flow.  The  results  indicated  the  scaling 
law  for  the  magnetic  field  is  of  the  form  (B-Vd/ud)2.  Dimen¬ 
sional  scaling  was  investigated  by  varying  the  segmentation 
ratio  of  electrode  length  to  channel  height.  The  results  show 
that  when  the  electrode  length  divided  by  the  channel  height  is 
changed  from  the  neighborhood  of  .12  to  the  neighborhood  of  .25 
then  the  generator  power  output  decreases  by  15  percent  over 
the  entire  load  spectrum.  Other  studies  involving  gross  gene¬ 
rator  behavior  include  an  investigation  of  the  effect  resulting 
from  the  deposit  of  aluminum  oxide  and  other  combustion  mate¬ 
rials  on  the  walls  of  the  generator.  No  deterioration  of  per¬ 
formance  was  noted  during  this  process.  The  addition  of  the 
powdered  aluminum  improved  the  generator  performance.  Powdered 
coal  was  burned  and  produced  satisfactory  power  output.  During 
the  course  of  the  experimental  study,  it  was  found  that  both 
the  injector  head  and  combustor  are  very  critical  to  the  per¬ 
formance  of  the  generators . 
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INTRODUCTION 


In  this  paper  «e  shall  present  an  experimental  study  which 
attempts  to  evaluate  gross  factors  effecting  the  overall  per¬ 
formance  of  series  connected  generators.  The  various  parameters 
that  are  included  in  this  study  are  the  sagnetic  field  strength, 
types  of  fuel,  seed  and  solid  additives  (aluminum  and  coal), 
electrode  segmentation,  different  injector  heads,  Mach  numbers, 
as  well  as  types  of  generators. 

The  generators  used  in  this  experimental  study  were  made 
of  electrolytic  copper  of  heat  sink  design.  There  are  approxi¬ 
mately  sixty  pairs  of  electrodes  (depending  on  type  of  genera¬ 
tors)  insulated  from  each  other  by  ceramic  fiber  paper  of  .05 
cm  thickness.  The  electrode  length  is  approximately  1.53  cm. 

The  overall  dimensions  of  the  generators  are  approximately 
9.5  cm  x  20.5  cm  x  120  cm.  The  walls  perpendicular  to  the 
magnetic  field  remain  parallel  while  the  other  walls  each 
diverge  at  an  angle  of  1.2°.  The  plasma  was  produced  by  burn¬ 
ing  hydrocarbon  fuel  (kerosene  was  used  for  most  of  the  experi¬ 
ments)  and  seed  with  gaseous  oxygen  in  a  rocket  type  combustion 
chamber.  Detailed  description  of  the  experimental  setup  may 
be  found  in  references  1  and  2. 

GENERATOR  PERFORMANCE  AND  SCALING 
OF  MAGNETIC  FIELD  STRENGTH 


The  series  connected  generator  was  first  studied  by 
de  Montardy l3J  and  later  by  Dicks,  et  al[4]  and  Wu,  et  al[51 . 

It  is  desirable  to  tabulate  the  various  interesting  quantities, 
such  as  current  density,  etc.  as  functions  of  the  generator 
conditions  (velocity,  cross-sectional  area,  magnetic  induction, 
load,  etc.).  The  following  table  lists  all  the  interesting 
quantities  involving  generator  performance.  In  this  table  the 
magnetic  field  is  applied  in  the  negative  z-direction  and  gas 
velocity  in  the  positive  x-direction.  R  is  load  resistance, 

A  =  Vd/uBd  is  the  dimensionless  voltage  drop,  SI  is  Hall  para¬ 
meter,  9  =  tan  0  where  0  is  the  angle  between  the  side  wall  and 
the  y-axis,  the  other  notations  are  conventional. 

The  maximum  power  density  condition  is  found  from  the 
table  to  be 
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TABLE  I.  SUMMARY  OP  MHD  EQUATIONS  FOR  DCW  GENERATORS 
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The  corresponding  power  density  is 
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and  the  load  that  is  required  to  reach  the  maximum  power  density 
condition  is 
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Figure  1  show's  the  dimensionless  Maxima  power  density 
for  various  types  of  generators  at  different  Hall  paraaeters. 

It  is  clear  that  at  low  Hall  parameters,  the  Hall  generator 
does  not  operate  satisfactory  at  all.  From  this  figure,  one 
can  choose  the  desired  Hall  parameter  for  a  given  generator, 
or  for  a  specified  Hall  parameter  (as  restricted  by  pressure 
and  magnetic  field  strength)  2  designer  may  choose  the  type 
of  generator  to  build.  In  the  ca&e  of  wide  variation  of  Hall 
parameters,  it  seems  that  the  60°  channel  (q>  =  .577)  is  the 
best  choice  since  it  is  less  sensitive  to  the  Hall  parameter 
at  maximum  power  density  condition.  Figure  2  shows  the  experi¬ 
mental  voltage-current  characteristics  for  both  the  Hall  and 
60°  channel  at  B=2.22  Tesla.  It  is  clear  that  the  Hall  gener¬ 
ator  does  not  perform  well  as  compared  to  the  60°  channel  under 
the  same  conditions. 


From  the  c?»ove  table,  we  see  that  the  power  density  is 
proportional  to  o[uB(l  -  A)]2  for  a  given  load.  The  di.  Kens  ion¬ 
less  voltage  loss  A  is  defined  as  Vd/uBd  where  ?<j  is  the  volt¬ 
age  drop,  u  is  velocity,  B  is  magnetic  induction  and  d  is 
distance  between  electrodes.  For  a  given  generator  operating 
at  limited  ranges  of  magnetic  induction,  one  expects  that  the 
voltage  drop  Vd  is  nearly  constant  and  the  plasma  properties 
remain  nearly  unchanged.  Therefore,  for  a  given  load  R,  we 
have 
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It  is  previously  determined  that  at  B  =  2  Tesla,  A  =  Vd/uBd  = 
.56[5],  thus,  we  can  find 

P  .  B 
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where  B2  =  2  Tesla,  P2  is  the  power  density  at  B2  and  Px  is  the 
power  density  at  B  .  Figure  3  shows  P  /P  as  plotted  based  on 
the  above  relation*  The  experimental  £oi§ts  for  both  the  Hall 
and  60°  channel  at  10ft  load  give  strong  support  of  the  above 
scaling  law. 


INVESTIGATION  OP  SOLID  FUEL  ADDITIVES 


Powder  Injection  System  Design  and  Operation.  In  order 
to  obtain  the  capability  of  injecting  various  powdered  compounds 
directly  into  the  combustion  chamber  for  the  subsequent  study 
of  the  effects  of  suet,  compounds  upon  the  operation  of  an  MHD 
generator,  a  powder  feed  system  was  designed  and  fabricated. 

The  principle  upon  which  the  design  was  based  is  called  dense- 
phase  flow  which  is  a  particulate  medium  being  conveyed  by  the 
viscous  drag  of  a  carrier  gas.  The  principal  characteristic 
of  dense-phase  flow  is  a  high  weight  ratio  of  particulate  flow 
to  gas  flow.  Certainly  dense-phase  flow,  in  contrast  to  dilute- 
phase  flow,  has  a  weight  ratio  of  5:1  (48  kilograms  of  parti¬ 
culate  matter  per  cubic  meter  of  hydrogen  carrier  gas)  although 
higher  values  are  more  desirable  for  our  purposes.  A  schematic 
diagram  of  the  injection  system  is  shown  in  Figure  4. 

The  carrier  gas  selected  for  use  is  gaseous  hydrogen  which 
has  several  advantages  over  other  possiole  choices.  First,  it 
is  inert  with  the  powder  compounds  used  (aluminum,  coal,  char, 
and  potassium  nitrate);  second,  because  it  has  a  high  fuel 
value,  it  does  not  act  as  a  flame  depressant  as  would  another 
choice  such  as  nitrogen  or  methane-air  combustion  products 
(used  in  boxler  coal  firing);  third,  because  dense-phase  flow 
is  partly  volume  dependent,  it  is  felt  that  higher  weight  ratios 
can  be  obtained  than  with  another  fuel  such  as  methane. 

The  hopper  is  placed  so  that  the  flow  is  counter -gravity . 
Preliminary  tests  showed  that  the  entrance  to  the  exit  line 
tended  to  clog  when  the  flow  was  directed  vertically  downward. 

To  reduce  the  line  losses  the  hopper  is  located  as  close  to  the 
combustion  chamber  as  is  practicable.  The  close  coupling  of 
combustor  and  hopper  also  precludes  the  necessity  of  accurate 
timing  of  hopper  actuation  in  the  firing  sequence.  With  regard 
to  introducing  the  carrier  gas  into  the  hopper  care  must  be 
exercised  to  insure  that  the  mixing  of  powder  and  gas  occur 
under  highly  turbulent  conditions.  During  early  tests  the  gas 
was  introduced  along  the  axis  of  the  hopper,  and  even  though  a 
diffuser  tube  directing  the  flow  radially  outward  was  used  a 
’’tunneling"  effect  in  the  powder  occurred  with  the  result  that 
toward  the  end  of  a  test  run  there  was  almost  no  particulate 
flow.  When  the  carrier  gas  was  introduced  horizontally  across 
the  hopper  axis  the  particulate  flow  remained  more  nearly  uni¬ 
form  during  a  teat  run. 

Preliminary  operating  characteristics  of  the  system  were 
obtained  under  actual  firing  conditions.  An  attempt  to  cali¬ 
brate  the  system  under  cold  flow  conditions  was  made  by  setting 
the  pressure  differential  between  hopper  and  atmosphere  at  the 
same  value  as  would  be  encountered  under  actual  operations. 
During  subsequent  firings  it  was  found  that  dense-phase  flow 
apparently  depends  on  the  level  of  pressure  as  well  as  the 
pressure  gradient,  thereby  invalidating  calibration  data  thus 
obtained. 

The  technique  of  system  operation  was  as  follows,  and 
reference  can  be  made  to  the  system  diagram  in  Figure  4.  Prior 
to  operation  the  hopper  was  pressurized  with  regulated  hydrogen 
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and  was,  typically,  at  a  pressure  level  approximately  four  tc 
eight  atmospheres  greater  than  that  pressure  expected  in  the 
combustion  chamber.  The  on-cff  pneumatic  valve  in  the  line 
into  the  combustion  chamber  was  actuated  at  that  time  in  the 
firing  sequence  at  which  the  potassium  seed  valve  was  activated. 
The  valve  was  shut  off  at  the  end  of  approximately  five  seconds 
of  generator  operation  in  order  to  more  graphically  see  the 
difference  between  generator  operation  with  and  without  powder 
injection.  Typical  values  of  particulate  flow  varied  between 
40  and  100  grams  per  second.  This  value  is  between  5  and  15 
percent  of  the  total  flow  rate  of  the  generator  working  fluid. 
The  maximum  weight  ratio  of  particulate  to  carrier  gas  flow 
was  observed  to  be  approximately  10:1. 

Repeated  calibrations  in  place  produced  results  for  alumi¬ 
num  and  coal  which  were  repeatable  no  closer  than  ±10  percent. 

It  was  found  that  the  particulate  flow  was  dependent  upon  the 
powder  volume  relative  to  that  of  the  hopper.  Subsequently, 
the  hopper  volume  was  increased  by  a  factor  of  approximately 
five  with  somewhat  better  results.  Particle  size  and  weight 
are  also  a  factor  to  be  considered.  The  powdered  aluminum 
particles  were  approximately  five  microns  in  diameter  while  the 
coal  particles  were  approximately  seventy  microns  in  diameter. 
Although  coal  has  a  lower  density  than  aluminum  it  was  felt 
that  the  greater  surface  area  of  the  smaller  aluminum  particles 
would  produce  greater  drag  thereby  resulting  in  higher  aluminum 
flow  rates.  The  reverse  was  observed,  the  coal  flow  being 
approximately  30  percent  higher.  When  300  micron  diameter  char 
was  used  in  th«j  hopper  no  flow  at  all  was  observed.  Although 
of  almost  the  same  density  as  coal  the  surface  area  of  the 
char  was  obviously  insufficient  to  produce  drag  great  enough 
to  produce  a  sustained  flow. 

It  is,  of  course,  obvious  that  much  development  work 
needs  to  be  done  before  the  system  reaches  the  desired  level 
of  realiability  and  repeatability.  It  is  felt,  however,  that 
this  development  lies  in  the  area  of  operating  technique  and 
that  no  serious  conceptual  barriers  exist.  The  limits  of  the 
operatiug  parameters  of  particle  size,  weight,  carrier  flow 
rate,  and  hopper  pressure  need  to  be  firmly  established.  In 
addition  other  carrier  gases  need  study  as  the  merits  of  a 
particular  carrier  may  vary  from  application  to  application, 
particularly  with  regard  to  weight  ratio  optimization.  It  is 
felt,  however,  that  the  feasibility  of  this  technique  of 
injecting  powder  into  a  combustor  for  use  in  an  MHD  generator 
has  been  demonstrated  in  ample  fashion. 

Injector  Configuration.  Two  combustor  injector  head  con- 
figurations  were  used  in  the  series  of  powder  injection  experi¬ 
ments.  The  first  configuration  is  shown  in  Figure  5.  The 
powder  is  injected  along  the  axis  of  the  combustion  chamber. 

The  powder  injector  is  integral  with  the  hydrogen-air  ignitor 
whose  ports  surround  the  powder  injection  line.  The  liquid 
fuel  and  seed  solution  are  injected  around  the  outer  perimeter 
of  the  injector  head  in  two  concentric  rings  of  six  ports  each. 
The  oxygen  ports  are  in  a  series  of  concentric  rings  located 
between  the  fuel  and  powder  injector  port. 
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The  second  injector  head  configuration  is  shown  in  Figure 

6.  The  powder  is  injected  through  two  ports  diametrically 
opposed  and  located  on  the  outer  perimeter  of  the  injector 
head.  The  injection  is  directed  toward  the  combustor  axis  at 
an  angle  of  45°.  The  outer  fuel,  fuel-seed,  and  oxygen  ports 
are  identical  to  those  of  the  first  configuration.  The  hydrogen- 
air.  ignitor  port  is  located  on  the  combustor  axis  and  is  sur¬ 
rounded  by  a  ring  containing  four  fuel  ports.  This  injector 
head  is  the  standard  configuration  used  in  all  previous  experi¬ 
ments  with  only  the  modification  for  powder  injection  added. 

Generator  Operating  Results  with  Powder  Injection.  Both 
inj ector  head  c'onf igurations  were  tested  with  The  University 
of  Tennessee  Space  Institute  60°  diagonal  conducting  wall 
generator.  The  nominal  magnetic  field  was  2.2  tesla.  Four 
different  particulate  compounds  were  used:  aluminum,  coal, 
char,  and  potassium  nitrate.  Of  these  four,  the  char  particles 
were  too  coarse  and  resulted  in  essentially  no  particulate  flow. 
The  potassium  nitrate  particles  tended  to  clump  together  thereby 
producing  a  very  erratic  flow,  and  no  meaningful  results  were 
obtained.  Due  to  scheduling  restrictions  experiments  with  these 
two  powder  compounds  were  abandoned  for  the  present . 

Meaningful  results  were  obtained  using  aluminum  and  coal. 

A  total  of  18  test  runs  were  made  with  these  compounds  in 
which  particulate  matter  was  injected  into  the  combustion 
chamber:  four  aluminum  and  one  coal  using  axial  injection, 
and  four  aluminum  and  nine  coal  using  injection  on  the  outer 
perimeter.  Of  these,  11  have  been  selected  as  suitable  for 
comparison  and  are  discussed  herein. 

The  results  from  aluminum  injections  are  shown  in  Figure 

7.  The  aluminum  flow  rate  was  approximately  65  g/sec  with  a 
weight  ratio  of  6.8:1;  the  differential  pressure  between 
hopper  and  combustor  was  eight  atmospheres.  The  data  points 
at  short  circuit  and  five  ohms  result  from  using  center  injec¬ 
tion.  Data  at  10  ohms  were  taken  using  perimetrical  injection. 
The  closed  data  points  are  those  obtained  during  aluminum 
injections  and  the  open  points  were  taken  after  the  particulate 
flow  had  been  stopped.  In  all  cases  a  significant  drop  in  power 
can  be  seen  to  have  occurred  when  the  aluminum  flow  ceased, 

all  other  flow  rates  remaining  constant.  A  graph  of  total  cur¬ 
rent  taken  from  an  oscillograph  trace  for  a  typical  test  run 
is  shown  in  Figure  8  and  more  graphically  illustrates  this 
observation. 

An  additional  observation  can  be  made  about  the  relative 
efficiency  of  the  two  injector  heads.  The  elimination  of  the 
center  fuel  ports  from  the  axial  injector  was  inimical  to  the 
operation  of  the  generator.  Extensions  of  the  V-I  curves  from 
short  circuit  and  five  ohm  conditions  to  the  10  ohm  load  line 
clearly  show  this.  An  additional  data  point  with  no  powder 
injection  at  all  is  given  for  comparison  with  data  from  the 
perimetrical  injection  at  the  10  ohm  load  and  tends  to  rein¬ 
force  the  observation.  Subsequent  tests  using  coal  (see  Figure 
7)  also  lend  support  to  this. 

The  results  from  adding  coal  to  the  combustion  chamber  also 
are  shown  in  Figure  7.  With  the  exception  of  a  single  data 
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point  at  a  10  ohm  load  all  data  were  obtained  using  perimetri- 
cal  injection.  The  repeatability  of  the  data  at  the  10  ohm 
line  is  particularly  gratifying  in  view  of  the  preliminary 
nature  of  the  experiments.  During  these  tests  the  coal  flow 
rate  was  approximately  95  g/sec  at  a  weight  ratio  to  hydrogen 
of  about  10:1.  The  hopper/coabustor  differential  pressure  was 
set  at  approximately  eight  atmospheres. 

Three  observations  should  be  noted  about  the  experiments 
with  aluminum  and  coal.  First,  the  work  herein  reported  is 
preliminary  in  nature.  Refinement  of  technique  and  optimum 
fuel  oxygen  mixtures  were  not  the  object  of  these  studies;  work 
should  and  is  proceeding  in  these  areas .  The  primary  purpose 
of  demonstrating  feasibility  was  achieved  and  the  basic  opera¬ 
ting  guidelines  established. 

Second,  the  power  levels  reached  are  not  as  high  as  .  •  e- 
viously  achieved  with  the  same  equipment.  Because  these  -.*ries 
of  experiments  were  posterior  to  an  earlier  series  which  u: 
lized  the  same  equipment,  deterioration  of  the  MHD  generate  * 
channel  with  regard  to  electrical  quality  was  expected  an*" 
the  lower  power  levels  predictable. 

Third,  analysis  has  shown  that  the  size  of  the  combustion 
chamber  was  not  large  enough  for  the  efficient  combustion  of  the 
particulate  matter.  Of  course,  burner  optimization  is  extremely 
important  in  order  to  achieve  the  good  combustion  so  necessary 
for  high  power  in  an  MHD  generator. 


EXPERIMENTAL  STUDY  USING  KEROSENE  AND  POTASSIUM  HYDROXIDE 


Numerous  tests  were  made  with  kerosene  seeded  with  potas¬ 
sium  hydroxide  dissolved  in  alcohol.  In  these  tests,  the 
nominal  flow  rates  are:  Oxygen  -  .57  kg/sec;  RP1  -  .164  kg/sec; 
Alcohol-KOH  -  .063  kg/sec;  Total  mass  flow  rate  -  .8  kg/sec. 

The  combustion  chamber  pressure  is  45±1  psia  for  the  Mach 
1.6  nozzle  and  65±1  psia  for  the  Mach  2  nozzle.  Figure  2  shows 
the  current-voltage  characteristics  of  Hall  and  60°  DCW  gene¬ 
rators.  For  the  60°  generator,  two  Mach  numbers  and  two  seg¬ 
mentation  ratios  are  shown.  Both  of  these  generators  have  an 
average  electrode  length  to  channel  height  ratio  of  about  .12, 
whereas  the  longer  electrodes  were  achieved  simply  by  shorting 
every  adjacent  electrode  so  that  the  effective  electrode  is 
twice  as  long.  The  coarse  segmentation  channel  produces  about 
15%  less  power  as  compared  to  the  original  channel  as  expected 
from  theory  L5].  At  the  same  mass  flow  rate  the  higher  Mach 
number  flow  gives  slightly  higher  power  output  than  the  Mach 
1.6  case.  This  is  because  that  at  the  same  mass  flow  rate,  the 
Mach  2  nozzle  produces  a  flow  with  higher  velocity  but  lower 
temperature  and  pressure,  thus,  the  factor  au2  is  probably 
slightly  changed.  If  the  exit  temperature  and  pressure  of  the 
Mach  2  nozzle  are  equal  to  those  at  the  MachljS  nozzle  exit, 
significant  increase  in  power  output  is  expected. 

In  addition  to  the  two  supersonic  nozzles,  a  subsonic 
nozzle  of  Mach  .8  was  also  used  in  the  experiment.  Preliminary 


study  was  made  concerning  flow  rates,  chamber  pressure,  etc. 

The  plasma  exhausts  directly  into  atmosphere  which  required  the 
combustion  chamber  pressure  to  be  low  in  order  to  maintain 
subsonic  flow  in  the  channel.  Two  plates  were  added  to  the 
diffuser  exit  to  choke  the  flow.  This  allowed  us  to  use  higher 
chamber  pressure. 

Figure  9  shows  the  dimensionless  electrode  drop  A  as  func¬ 
tions  of  the  load  current .  The  average  plasma  conditions  used 
to  compute  A  are  listed  below:  <B>  =  2.17  Tesla,  <J2>  =1.27, 

<a>  =  17  mhos/m,  <u>  =  1500  m/sec,  <A>  =  .645  x  10“2m2,  <d>  = 
.127m,  L  =  .805m.  This  figure  shows  that  the  Hall  generator 
has  higher  electrode  drops,  and  for  a  given  generator  angle 
(say,  60°  channel) ,  the  electrode  drop  increases  with  increasing 
segmentation  ratio.  The  electrode  drop  decreases  with  increas¬ 
ing  load  current  (corresponds  to  decreasing  load  resistance) . 

For  the  Hall  generator,  the  electrode  drop  is  almost  linearly 
proportional  to  the  load  current.  However,  for  the  60°  channel, 
the  electrode  drop  seems  to  level  at  high  load  resistance 
(or  low  load  current) .  The  reason  for  the  different  behavior  , 
between  the  Hall  and  DCW  generators  are  yet  to  be  uncovered. 

Figure  6  shows  both  the  dimensionless  and  actual  voltage 
drops  of  a  typical  run  of  the  Hall  generator.  The  DCW  generator 
has  a  lower  electrode  drop  than  that  of  the  Hall  generator. 
However  the  increasing  of  the  electrode  drop  along  the  channel 
length  trend  is  alike  for  both  types  of  generators.  This  trend 
is  probably  due  to  the  colder  channel  wall  downstream  and  the  ' 
growth  of  the  boundary  layer.  The  large  voltage  drop  associated 
with  the  cold  electrode  in  a  combustion  plasma  are  also  observed 
by  Kessler  and  Eustist6]  among  others. 

STUDY  OF  DIFFERENT  FUELS  AND  SEEDS 


Exploratory  investigations  have  been  carried  out  using 
fuels  and  seeds  other  than  Jour  conventional  kerosene  with  1 
alcoholic  K0H.  The  powdered  fuels,  aluminum  and  coal,  and 
powdered  seed,  KN03,  have  been  mentioned  in  a  previous  section. 
The  other  liquid  fuel  tested  was  benzene,  and  the  liquid  solu¬ 
tions  of  seed  included  K  CO  (50  percent  in  water)  and  Cs  CO 

2  3  2  ,3 

(65  percent  in  water) .  The  K  CO  with  kerosene  gave  comparable 

i2  3 

conductivities  to  alcoholic  K0H,  while  the  conductivity  with 
Cs  CO  solution  and  kerosene  was  double  that  obtained  with 

2  3 

alcoholic  KOH.  Use  of  benzene  with  alcoholic  KOH  gave  about 
50  percent  higher  conductivities  than  kerosene  fuel. 

A  limited  number  of  power  experiments  were  carried  out 
using  the  Mach  2  nozzle  with  the  60°  DCW  channel  using  kerosene, 
benzene  and  various  seeds.  The  best  steady  power  obtained  was 
with  benzene  and  alcoholic  KOH,  at  64  kw,  about  30  percer c 
above  comparable  values  with  kerosene  and  alcoholic  KOH.  Re¬ 
sults  with  benzene  and  cesium  carbonate  were  very  erratic, 
although  brief  periods  of  power  at  over  70  kw  were  observed. 

It  appears  that  Cs2C03  precipitates  from  the  concentrated 

solution,  and  possibly  should  be  added  as  powder  or  in  a  more 
dilute  solution. 


CONCLUSION 


A  systematic  study  was  made  to  uncover  some  of  the 
factors  effecting  the  gross  behavior  of  the  generator.  It 
is  found  that  the  scaling  law  for  the  magnetic  field  is  of 
the  form  (B  -  V^/ud)2,  where  is  the  average  electrode 
drop.  Over  limited  ranges  of  the  magnetic  field  strength, 

V<j  stayed  fairly  constant  for  a  given  load.  The  losses  in 
the  generator  increase  with  increasing  segmentation  ratio. 
Powdered  fuel  additives  were  used  and  it  was  found  that  alu¬ 
minum  increases  the  power  output  whereas  the  powdered  coal 
addition  produced  comparable  power  as  pure  kerosene  used 
alone. 

During  the  course  of  the  powder  injection  tests  it  was 
discovered  that  the  thorough  mixing  of  the  various  fuel  and 
seed  streams  is  very  important.  The  sensitivity  of  the  gene¬ 
rator  performance  is  strikingly  shown  in  the  experimental 
data  from  the  two  injector  heads  and  points  out  the  importance 
of  good  combustor  characteristics  for  generator  operation. 
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Figure  1.  D,‘ mens  ionless  maximum  power  density  at  various  Hall 

parameters  and  wall  angles. 
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Figure  4.  Powder  injection  system  schematic. 


Figure  5. 


Propellant  injection  pattern  with  axial  powder 
injection  port. 


Figure  6.  Propellant  injection  pattern  with  powder  injection 
ports  on  outer  perimeter. 
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gure  7.  Voltage-current  characteristics  of  a  60°  wall 

generator  using  various  powdered  fuel  additives. 


Figure  8.  Oscillograph  trace  of  total  load  current  from  60° 

wall  generator  with  aluminum  injection  interruption. 
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The  results  show  that 


when  the  electrode  length  divided  by  the  channel  height  is  changed  from 
the  neighborhood  of  .12  to  the  neighborhood  of  .25  then  the  generator 
power  output  decreases  by  15  percent  over  the  entire  load  spectrum. 
Other  studies  involving  gross  generator  behavior  include  an  investir 
gation  of  the  effect  resulting  from  the  deposit  of  aluminum  oxide  and 
other  combustion  materials  on  the  walls  of  the  generator.  No 
deterioration  of  performance  was  noted  during  this  process.  The 
addition  of  the  powdered  aluminum  improved  the  generator  performance. 
During  the  course  of  the  experimental  study,  it  was  found  that  both 
the  injector  head  and  combustor  are  very  critical  to  the  performance 
of  the  generators.);) 
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